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@ Layup of composite fan blades/vanes. 

@ The present Invention provides composite 
blade tip configurations for preventing detamP 
nation at the tip of a composite rotor blade. The 
invention comprises a plurality of first thiin suc- 
cessive layers of a first composite material (20) 
wherein the first thin layers are stacked in a 
predetemnined configuration such that the 
weakest shear plane Is positioned towards the 
blade surface. The inventton further comprises 
joining material (23) for Joining the first thin 
layers to each otiier. The invention further coni>- 
prises a plurality of second thin successive 
layers of a second composite material (21) hav- 
ing a different modulus of elasticity than that of 
the first thin layers wherein the second layers 
are stacked on the first layers such that the 
edge of the blade tip Is even. The Invention 
further includes joining material (23) also being 
used for Joining the second thin layers to each 
other and to the first thin layers. The invention 
further comprises a doth fiber protective cover- 
ing (24) completely enclosing the first and sec- 
ond thin layers. 
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Field of Invention 

The present invention relates In general to conv 
posite blades, and more particularly, to configura- 
tions of composite blade tips for prevendng delamln- 
ation at the blade tip. 

Background of the Invention 

Conrtposlte blades contprise thin layers of compo- 
site mateilals such as carbon, glass, boron, kevtar, ti- 
tanium, etc. Hereinafter, the term composite materi- 
als, is Intended to indude to unidirectional or multidir- 
ectional materials. These thin layers may be stacked 
and held in place by a joining material, for example, 
epoxy or plastic, fn turbomachinery applications, for 
example alroaft engines, blade loads on a rotor are 
a result of gas loads and centrifugal loads. The 
blade's Internal loads are transferred from one layer 
to the next by shear through the Joining material. 
Since the joining material may t>e weaker than the 
base material, great care must be taken in the posi- 
tioning of the load carrying base material. This is es- 
pecially important at the tip section of the blade since 
high shear loads may exist at the tip. 

Figure 1 illustrates an enlarged section of a con- 
ventional composite blade tip. Blade tip 10 comprises 
a plurality of composite layers 20 which are held to- 
gether with Joining material 21. Joining material 21 
may, for example, comprise epoxy or plastic. Compo- 
site layers 20 may extend to tip 22 of blade tip 10. 
Blade tip 10 further comprises doth fiber protective 
covering 23 completely enclosing composite layers 
20. 

The demand for better performing aircraft en- 
gines has resulted in the fan rotor blades being sub^ 
jected to more severe operating conditions. As a re- 
sult, great care must be taken In designing composite 
fan rotor blade tips to handle the high shear loads that 
may occur during operations. High shear loads may 
result from, for example, tip to case rubs or foreign ob- 
ject Injestion. 

It would be advantageous to design an improved 
composite blade tip structure in which delamination is 
reduced during exposure to high shear loads. The 
blade tip may comprise a configuration of composite 
layers in which the tntemal toads are redistributed in 
a manner which limits delamlnatton. 

Summary of Invention 

The present invention provides composite blade 
tip configurations for preventing delamination at the 
tipof a composite rotor blade. The Invention compris- 
es a plurality of first thin successive layers of a first 
composite material wherein the first thin layers are 
stacked in a predetermined configuration such that 
the weakest shear plane is positioned towards the 



blade surface. The invention further comprises join- 
ing material for Joining the first thin layers to each 
other. The invention further comprises a plurality of 
second thin successive layers of a second composite 

5 material having a different modulus of elasticity than 
that of the first thin layers wherein the second layers 
are stacked on the first layers such that the edge of 
the blade tip is even. The invention further includes 
Joining nrtaterial also being used for Joining the second 

10 thin layers to ea(^ other and to the first thin layers. 
The invention further comprises a doth fiber protec- 
tive covering completely enclosing the first and sec- 
ond thin layers. 

15 Brief Description of the Drawings 

The novel features of the invention are set forth 
with particularity In the appended daims. The inven- 
tion itself, however, both as to organizatton and meth- 
20 od of operation, together with further objects and ad- 
vantages thereof, may best be understood by refer- 
ence to the following desc^'ption taken In conjunction 
with the accompanying drawings In which: 

FIG. 1 1s an enlarged cross section view of a con- 
25 ventionat composite blade tip. 

FIG. 2 IS an enlarged cross section view of an em- 
bodiment of a composite blade tip according to the 
present inventton. 

FIG. 3 is an enlarged cross section view of a fur- 
30 ther embodiment of a oHnposite blade tip according 
to the present Invention. 

FIG. 4 is an enlarged cross section view of a fur- 
ther embodiment of a composite blade tip according 
to the present invention. 

35 

Detailed Description of \he Invention 

Figure 2 Illustrates an enlarged cross section of 
an embodiment of a composite blade tip according to 

40 the present Invention. Blade tip 10 comprises a plur- 
ality of first thin successive layers 20 of a first conv 
posite material wherein first thin layers 20 are stacked 
such that they inorease in length from pressure side 
11 of blade tip 10 to suction side 12 of blade tip 10. 

45 Blade tip 10 further comprises a plurality of second 
thin successive layers 21 of a second composite ma- 
terial having a different modulus of elastidty than tiiat 
of first thin layers 20 wherein second thin layers 21 
are stacked on first thin layers 20 such that edge 22 

50 of blade tip 1 0 is even. Blade tip 1 0 further comprises 
joining nnaterial 23 for joining first 20 and second 21 
thin layers to each other. Blade tip 10 further compris- 
es doth fiber protective covering 24 completely en- 
doslng first 20 and second 21 thin layers. 

55 In a preferred embodiment, blade tip 10 is de- 
signed to position the weakest shear plane towards 
pressure skJe 11 of blade tip 10. First 20 or second 21 
composite material may comprise carbon, glass, bor- 
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on, kevlar, or titanium, however, graphite is the prefer- 
red nnateria]. Second composite material 21 may have 
a tower modulus of elastidty than that of first compo- 
site materia! 20 and is preferably glass. It would be ob- 
vious to those skilled In the art that any suitable ma- 5 
tena) may be used as a substitute for the aforemen- 
tioned preferred materials. Joining material 23 may 
comprise, for example, epoxy or plastic or any other 
suiteble matenal. however epoxy is the preferred ma- 
terial. Graphite fibers woven into a cloth pattern is io 
preferred for clotii fiber protective covering 24. 

Figure 3 illustrates an enlarged cross section of 
a further embodiment of a composite blade tip accord- 
ing to the present invention. Blade tip 10 comprises a 
plurality of first thin successive layers 20 of a compo- is 
site material wherein first thin layers 20 are stacked 
such that they increase in length from pressure side 
1 1 of blade tip 1 0 to middle of blade tip 1 0 and first thin 
layers 20 being stacked decreasing in length from 
middle of blade tip 10 to suction side 12 of blade tip 20 
10. Blade tip 10 further comprises a plurality of sec- 
ond thin successive layers 21 of a second composite 
material having a different modulus of elasticity than 
that of first thin layers 20 wherein second thin layers 

21 are stacked on first thin layers 20 such that edge 2$ 

22 of blade tip 10 is even. Blade tip 10 further com- 
prises joining material 23 for joining first 20 and sec- 
ond 21 thin layers to each other. Blade tip 10 further 
comprises doth fiber protective covering 24 com- 
pletely endosing first 20 and second 21 thin layers. 30 

In a preferred embodiment, blade tip 10 is de- 
signed to position the weaker shear planes towards 
pressure side 11 and suction skle 12 of blade tip 10. 
First composite material 20 may comprise carbon, 
glass, boron, kevlar, or titanium, however graphite is 36 
the preferred material. Second composite material 21 
may have a lower modulus of elastidty than that of 
first composite material 20 and Is preferably glass. It 
would be obvious to those skilled in the art ttiat any 
suitable material may be used as a substitute for the 40 
aforementioned nr^terials. Joining material 23 may 
comprise, for example, epoxy or plastic or any other 
suitable material, however epoxy is the preferred ma- 
terial. Graphite fibers woven into a cloth pattern is 
preferred for doth fiber protective covering 24. 43 

Figure 4 illustrates an enlarged cross section of 
a further embodiment of a composite blade tip accord- 
ing to the present Invention. Blade tip 10 comprises a 
plurality of first thin successive layers 20 of a compo- 
site material wherein first thin layers 20 are stacked so 
such that they decrease In length from pressure side 
1 1 of blade tip 1 0 to middle of blade tip 1 0 and first thin 
layers 20 being stacked Increasing in length from mid- 
dle of blade tip 10 to suction side 12 of blade tip 10. 
Blade tip 10 further comprises a plurality of second S5 
thin successive layers 21 of a second composite ma* 
terial having a different modulus of elastidty than that 
of first thin layers 20 wherein second thin layers 21 



are stadced on first thin layers 20 such that edge 22 
of blade tip 1 0 is even. Blade tip 1 0 further comprises 
Joining material 23 for joining first 20 and second 21 
thin layers to each other. Blade tip 10 further compris- 
es doth fiber protective covering 24 completely en- 
closing first 20 and second 21 thin layers. 

In a preferred embodiment, blade tip 10 is de- 
signed to position the weaker shear planes towards 
pressure side 11 and suction side 12 of blade tip 10. 
First composite ntaterial 20 may comprise carbon, 
glass, boron, kevlar, or titanium, however graphite is 
the preferred material. Second composite material 21 
may have a lower modulus of elastidty than that of 
first (X)mposite material 20 and is preferably glass. It 
would be obvious to those skilled In the art that any 
suitable material may be used as a substitute for the 
aforementioned materials. Joining material 23 may 
comprise, for example, epoxy or plastic or any other 
suitable material, however epoxy Is the preferred nna- 
terial. Graphite fibers woven into a doth pattern is 
preferred for doth fiber protective covering 24. 

It would be obvious to those skilled In the art that 
the number of layers used in the blade and the man- 
ner in which they are stacked may be modified while 
still positioning the weaker shear planes towards the 
surfaces of the blade. Therefore, it is tfie intention of 
the applicant not to limit the scope of the invention to 
the attached figures. This variation in material modu- 
lus of elasticity may effectively change the shear dis- 
tribution by distributing the high shear loads over 
more area or distributing the high shear loads over 
more of the higher strength material. 

While preferred embodiments of the pfBsent in- 
vention have been shown and described herein, it will 
be obvious to those skilled in the art tiiatsuch embodK 
ments are provided by way of example only. Numer- 
ous variations, changes, and substitutions will now 
occur to those skilled In the art witiiout departing from 
the Invention. 



Claims 

1 . A composite blade wherein the blade tip compris- 
es: 

a plurality of first thin successive layers of 
a first composite material, said first layers being 
stacked In a predetermined configuration for pos- 
itioning the weakest shear plane towards said 
blade surface; 

a joining material for joining said tiiln lay- 
ers to each other. 

2. A composite blade according to daim 1 wherein 
said predetermined configuration Indudes said 
first thin layers being stacked such that they in- 
crease in length from pressure side of said blade 
to suction side of said blade tip. 
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3. A composite blade according to daim 2 and fur- 
ther comprising: 

a plurality of second thin successive layers 
of a second composite materia], said second lay- 
ers being stacked on said first thin layers such $ 
that the tip of said second layers are aligned with 
the tip ofsald first layers, said joining material be- 
ing used for joining said second thin layers to 
each other and to said first layers. 

10 

4. A composite blade according to claim 1 wherein 
said predetermined configuration for positioning 
sakJ weakest shear plane at said blade tip sur- 
face includes said first thin layers being stacked 
such that they increase in length from pressure is 
side of said blade to the middle of said blade tip 

and decrease in length from said middle of said 
blade tip to said suction side of said blade. 



material. 

11. Acomposfte blade according to daim 10 wherein 
said first composite materia! (emprises graphite, 
said second composite material comprises glass. 



5. A composite blade according to daim 1 or 2 20 
wherein said predetermined configuration for 
positioning sakJ weakest shear plane at said 
blade tip surface includes said first thin layers be- 
ing stacked such that they decrease in length 
from pressure side of said blade to the middle of 25 
sakl blade tip and increase in length from said 
middle ofsald blade tip to sakl suction side of said 
blade. 



6. A composite blade according to claim 4 or 5 and 30 
further comprising: 

a second plurality of thin successive layers 
of a second composite material, said second lay- 
ers being stacked on said first thin layers such 
that the tip of said second layers are aligned with 35 
the tip ofsald first layers, said joining material be- 
ing used for joining said second thin layers to 
each other and to sakJ first layers. 

7. A composite blade according to daim 6 and fiir- 40 

ther comprising a cloth fiber protective covering 
completely enclosing said first and second thin 
layers. 

8. A composite blade according to claim 7 wherein 45 
sakl second composite ntaterial includes a differ- 
ent modulus of elasticity than that of said first 
composite material. 

9. A composite blade according to claim 8 wherein so 

said first and second composite materials com- 
prise at least one member selected from the 
group consisting of carbon, glass, boron, kevlar, 
and titanium. 

55 

10. A composite blade according to claim 9 wherein 
sakl second composite materia) has a lower mod- 
ulus of elasticity than that of said first a)mpos(te 
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